A mechanism that enables fermions to live outside of but be localized near a brane is proposed based on the field-theoretical framework. Two types of fermion fields are considered: one is localized to the brane through the Yukawa interaction, and another is localized through the fermion interaction. It is shown that, besides the well-localized zero-mode, there exists a light mode continuum of which oscillating components are delocalized. As a consequence it is possible to assume existence of invisible material particles that live outside the brane on which we reside and beleaguer visible particles. A possible extension to the mind-body problem is discussed.
INTRODUCTION
What kind of function of our brains can bring about our mind? Modern science can hardly present any convincing answer to this frequently asked question from ancient times. Progress of measurement technologies such as fMRI (functional magnetic resonance imaging) has made it possible to visualize the brain hemodynamics. Consequently the relation between states of consciousness such as feeling, sense, and thought, and activity states of brains is becoming clear. This does not mean, however, that any proof of brain activities producing mental states is obtained. What it gives us is a relevance or a relationship between them. Causal relation is not proved at any rate. Even if bloodstream in a brain stops, the brain stops its activity, and the brain waves become flat, it is not impossible to regain life unless brain cells perish. In addition, there may be the need to examine mind activity to exist independent of brain activity when we consider the example that a person could mention, after he/she regained his/her consciousness, his/her memory of what had happened in his/her neighborhood, or the feelings that had come up in his/her mind while his/her brain was stopping its activity [1] [2] [3] . Having said that, however, we cannot think the brain activity and the mind independent of substances which exist irrelatively with each other at all, concerning the example of above-mentioned fMRI. There may still be unknown schemes of connection with mental states inside our brain, although it may or may not be the origin of mind. If substances as the subjects that conduct the mind activities, sometimes called consciousness or personality, exist independently from our brains, and if they are the cause of those brain activities which are observed by above-mentioned visualization technology, then it will be called into question next about how the existence scheme of the substances and the mechanism of the interaction of them with the brains are elucidated. Furthermore, if we consider these substances as not spiritual but physical ones, it must be elucidated then what have prevented them from being observed so far by medical and/or biological means. Motivated by the present status of the brain science, in this study a new way of existence scheme of material particles is discussed, in which the dwelling scheme of a soul in a body persistently based on the materialism comes in sight. More concretely, dwell of a soul based on materials in a body (or a brain) based on materials, as well, is discussed in terms of the field theory. Such an idea may have some contribution to future efforts toward understanding the existence form of consciousness as an independent body from brains. I claim the consciousness outside the brains to be made of ordinary matter, not be spiritual nor psychic. Based on the viewpoints of multi-dimensional universe, body of the consciousness is assumed to consist of matter that resides beyond the extra dimensions. Dwelling of the body of consciousness as matter, in our brain as matter, as well, is modelled by the fermion interaction between matter particles.
Concept of the extra dimension was born in the pursuit of unifying the electro-weak and the gravitational interaction in 1920's by Kaluza and Klein. The vision of the universe, in which (3 + 1) dimensional universe is em-bedded in a higher dimensional bulk space-time, shows a route to solve various problems of modern physics. These include the hierarchy problem of electro-weak and Planck [4] [5] [6] , origin of the dark matter [7] , and the cause of the cosmic expansion [8, 9] . In the field theoretical description of the 3-brane, the braneworld in which we live is described as a topological defect in a higher dimensional bulk, and low dimensional standard model particle modes are trapped on it [10] . It is a problem need to be solved to figure out a plausible scenario that restrains particle motions to the low dimensional space-time sheet. D-brane model in the framework of the string theory, the restriction of particle motion is naturally obtained by the fact that the standard model particles are described by the open strings, and their terminal points move exclusively on the D-brane [11, 12] . In the field theoretical model, on the other hand, mechanisms that localize low energy fourdimensional vector (gauge) fields [10, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , and the scalar and fermion fields [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] were proposed. In this study, another type of localization mechanism of the fermion field based on a field theoretical model is discussed. A scalar field which a defect arises from and a fermion field that is trapped on a brane are considered. This fermion is called the host fermion. Another fermion field is considered, which is localized on the brane via the existing host fermion field. This fermion is called the parasite fermion. The parasite fermions couple to the host fermions with the fermion interaction, feel the potential that is formed by the host fermion field, and are localized around the brane. Formulation that identifies structure and nature of the potential is given below.
STRUCTURE OF THE MODEL
The model considered in the present work follows the braneworld idea in which the brane is a topological defect in the 5D bulk, called domain-wall. The bulk is assumed to be flat, that is 
where  
, where   are the Dirac matrices. Domain-wall solution can be obtained from the equation of motion for real scalar field derived from the lagrangian. The potential,
, has the form that gives the (anti-)kink solution
where  and  are constants of the potential. Two types of matter fields are considered. 1 is a fermion field that couples to the scalar field through the Yukawa interaction of which the coupling constant is
2 is a fermion field that interacts with 1 through the fermion coupling term whose coupling constant is
and is localized around the brane indirectly through the fermion coupling. 1 is the "host fermion" which visible matters around us are all concerned with. All fermions that have been observed experimentally in the past are in this category. 2 , on the other hand, is what I call "parasite fermion" and the parasite fermion field can be localized around the brane only when it couples to the host fermion field through the fermion coupling. From the lagrangean density one can obtain an equation of motion for such that 
x are the four-dimensional coordinates. Substituting Equation (8) into Equation (7) 
and
zz is the second order differential with respect to z. Stationary states of are assumed to be equal each other. We can see that the effective potentials asymptote to zero, implying that the 2 zero mode is localized in the vicinity of the brane. There are also light modes that are oscillatory at infinity of z. This implies that at least one mode of 2 , 2 zero mode, is localized distantly from the brane, in contrast to the host fermions that are localized on the brane. Difference of the existence scheme results in the difference of how we, the residents of the brane, can access to the fermions. The host fermions and the parasite ones interact each other through the fermion interaction, but its strength depends on the extent of how the parasite fermions are localized, that is, their distances from the brane and the width of the probability density
f .
DISCUSSION
Concerning the theory discussed in the previous section, it is shown that bound states of parasite fermions can exist, without assuming the existence of another brane, that is apart from our brane in the extra-dimensional direction. The bound states seemingly function as if they result from fermion fields bound to another brane. Visibility of the bound states depends on how the bound fermion is apart from our brane, if we assume that it is impossible for photons to propagate across the bulk. Oscillating components of continuum of light modes, on the other hand, make it possible for residents of the brane to see this, however far the stable point of the potential lies against the brane. Fermions and gauge bosons that dwell in our brane can interact with the parasite fermions through its interaction with the oscillating components of the non-zero modes or the overlap of the zero mode to the brane, thus it is plausible to assume, at least theoretically, that we can see the parasite fermions if they exist. This type of existence scheme of fermions can present a possibility of a substantial modification in conventional viewpoints of some branches of science, such as the mindbody problem. Materialism reduces the existence scheme of mind into an assemblage of the chemical and biological actions inside the brains. Modern scientists who are willing to explain the mechanism of manifestation of mind search the origin of mind for the intra-brain phenomena such as neuronal firing. The best proof of this idea would be the manifestation of thought, sense, or emotion within an artificially prepared apparatus that realizes the neuronal firing inside it. Why? Reproductivity must be generally secured in natural science. Such apparatus, of course, has not been realized up to now.
Researchers in question, involved in neuroscience, confess honestly that the mechanism with which images appear and then disappear in the brains is purely made of material, and with which minds dwell in the brains is left entirely mysterious. They claim, on the one hand, that the neuronal firing is doubtlessly the cause by which our minds come into existence, on the other hand, however, they confess that their searches for the connection between the cause and the mind as its result are just about to get underway. There are, of course, researchers who search for mechanism other than the neural network. We can say, taking all in all, that the researches for the origin of the mind that have been undergone so far have not elucidated anything about the origin of the mind anyway. I may say that it is too early to conclude the source of mind is in the activity of neural network, since the connection between neuronal activity and manifestation of our mind is unidentified, although it is the core of this issue, and no one can even say, furthermore, that the circumstantial evidence is complete. Concept of the parasite fermion possibly releases us from the restriction of searching the origin of mind manifestation in the neural network and the brain at hand. If one can say that the natural scientific study of mind is about to get underway, then we must not exclude any type of possibility on the way to study and elucidation of the mind problem. Non-conventional type of multi-dimensional existence scheme of matter particles would serve as one of such possibilities.
